Saving energy in today's environment is very important. Calculating the energy savings is also important to derive a cost and efficiency comparison of a system before and after a selected energy efficiency intervention. When a system is linear (resistive load) and sinusoidal, the current is always in phase with the voltage for single and multi phase systems . Calculating energy savings is relatively simple when two systems are compared with each other. This is well documented in the IPMVP guidelines for energy saving calculations. This is not true for a non-sinusoidal single phase or multiple phase system having some form of distortion. This paper proposes a method of calculating energy savings using the IEEE 1459 standard as a guideline . It is proposed that only the fundamental active power is used for energy saving calculations as the higher order active power harmonics do not contribute to energy savings in any significant way.
Introduction
Power theory applied to single phase sinusoidal systems differs for non-sinusoidal single phase systems or unbalanced poly-phase sinusoidal and non-sinusoidal systems.
There is still differences in opinion when power calculations are done when applied to distorted systems. Hence the motivation for this paper, to share experience gained while doing field work on Measurement and Verification (M&V). Non-linear loads in a power system network create distortion of the current and /or the voltage waveforms. This paper investigates power and energy concepts for such systems. Active power and power factor in the presence of harmonics are studied. The methodology used to calculate energy savings in Measurement and Verification (M&V) for Demand Side Management projects (DSM) or more recently Integrated Demand Management (IDM) is applied in this work to further improve the accuracy of reported energy savings.
Power Quality Problems
Power system networks are sometimes faced with problems that affect the quality of supply to the consumer. The distortion may be as a result of supply voltage or current distortion from a non-linear load such as power electronic equipment. The deviation of voltage and frequency from the rated values and the presence of distorted current results in power quality problems. Power quality of a system is used to express the quality of the voltage supplied to a consumer. Disturbance, unbalance, distortion and voltage fluctuations are some of the power quality problems sometimes experienced in power system networks [1, 2, 3] .
Disturbance in a power system network can manifest itself as voltage dips, voltage notches and transients caused by switching etc. Unbalance in a system is associated with poly-phase system where the phases of a 3-phase system are unequally balanced and has different phase angles. Distortion in a system is mainly in the form of harmonics. Harmonics is defined as the distortion of an ideal sinusoidal voltage or current waveform by the presence of non-linear load in the system. Some of these power quality problems are experienced by field engineers when conducting field measurements. Maintenance engineers often encounter weird measurements caused by harmonics during routine plant maintenance.
Distorted Power System Network
Current drawn by some loads in a network are often distorted in one way or the other. As stated earlier, these distortions in power system networks are referred to as harmonics. Harmonics are present in a system when its ideal sinusoid is distorted by the interaction of the non-linear load in the network with the impedance of the same network. Some of the undesirable effects of harmonics are listed below:
 In a poly-phase system, excessive 
Background on Measurement and Verification
M&V involves using measurements to determine actual energy savings created by an energy management program by following a defined protocol i.e. IPMVP, SATS50010. [4, 5] . Reliable Energy savings determined through M&V involves comparing measured energy use before and after implementation of an energy efficiency intervention and making appropriate adjustments to account for changes that might occur during the project phase.
Using the concept and methodology according to the IPMVP and SAT 50010, the energy saving is determined as the difference of the measured baseline energy and the measured reporting period energy use while making appropriate adjustment to accommodate changes as a result of the energy governing factors, e.g. operational cycle, occupancy, production volume, changes in temperature etc. Baseline energy is the total energy consumption of a facility before replacement of the less efficient technology with more energy efficient technology. The energy relationship is given by the following equation. Where; is the energy savings or the impact generated as a result of the intervention. is the baseline period energy use; is the reporting period energy use; is the adjustments. Figure  1 is an extract from a baseline and actual demand profile during an M&V exercise. The difference between the baseline energy and the actual energy is the energy savings.
Figure 1 Baseline and Actual energy profile over 24 hours period
Energy use of a facility is determined using retrofit isolation, partially retrofit isolation, avoided energy use or simulated calibration as a selected option contained in the IPMVP. The specific option is determined by the nature of the project, the reporting period, budget, level of accuracy required and metering equipment required. Whatever option is used, the energy savings is still calculated using the same energy governing equation.
The discussion and analyses to follow assume the linear relationship between power and energy, hence using power equations for the analysis.
Energy Savings Reporting
Using the M&V methodology, energy savings generated as a result of a retrofit is reported using equation 1. However, for a distorted single phase system, the energy saving or impact reported does not take into account the presence of harmonics in the system. An example of this can be seen in a lighting project involving the replacement of incandescent lamps with Compact Fluorescent lamps (CFL). The active power (MW) saving as a result of the replacement of incandescent lamps with CFLs is simply taken as the difference of the measured MW of the incandescent (before retrofit) and the measured MW of the CFLs (after retrofit)-large role outs. CFLs are known to be energy efficient but they unfortunately introduce harmonics and hence harmonic power into the network. The energy savings computed as the difference of the measured baseline energy use and the postretrofit (actual) energy use take into account the power loss due to the harmonics in the system i.e. the total power consumption of the CFLs being the sum of the fundamental active power plus the harmonic active power. For purposes of M&V reporting, it is suggested that the approach should be to report on fundamental active power only ignoring the power component due to the presence of harmonics of the CFLs.
Distorted Single Phase Systems
A number of researchers have proposed different theories for the definition of power in circuits with distortion. The power definitions proposed by Budeanu [6] in 1927 has proven to be misleading [2, 7, 9, 10] with regard to the magnitude of his so-called "distortion power". This paper proposes a method of calculating energy savings using the IEEE 1459 [7] standard. It was also shown in [8] that this standard do have practical value in practical applications. Consider a power system network having a sinusoidal voltage source and producing sinusoidal current through the load. Consider the system to be a distorted system i.e. both voltage and current waveform are distorted by harmonics which are simple integer multiples of the fundamental frequency. Let the source voltage be and the current through the circuitry to the load be . For simplicity, we consider the waveforms to have harmonics up to the fifth harmonics. 
Numerical Illustration [9]
Consider again voltage source producing a sinusoidal current through a given load, and also consider this voltage and current sinusoid as having the fundamental and harmonic components as in equation 5a and 5b. Table 2 shows four other scenarios where the fundamentals are the same but with different harmonics. Harmonic power contribution can be negative or positive. Sometimes they cancel out but not in all cases. Hence, the total active power when harmonics are present in a system can be more or less than the fundamental active power. For the numerical example (Table 3 , scenario 1), the fundamental active power is 5196W whilst the total power is 5076W.
This approach to calculate the active power in distorted systems is still in agreement with the fundamental definition of active power and effectively includes the use of "true power factor". This is unlike the case of undistorted systems where there is a close relationship between the applied voltage and current drawn by the load following the assumption that the waveforms are perfect sinusoids.
For a linear system the power factor calculated by ignoring the effects of harmonics is referred to as displacement power factor essentially involving the division of the active power by the apparent power. However, it should be noted that harmonics can influence power factor by up to 50% as seen when performing true power factor calculations.
A system that is free of harmonics has only the fundamental components i.e. the voltage and current sinusoids consist of only the fundamental components. Hence, the total active power is the same as the fundamental active power. For this case, the IPMVP approach is correct and no question is raised about accuracy of energy savings reported. Consider the following four scenarios when calculating the energy. From table 3, it is evident that the fundamental active power is the same for all the scenarios, however the total power differs. These differences in the total power raise questions about the accuracy of energy savings reported for an M&V exercise noting that this reported saving have monetary implications. Comparing the energy use before retrofit and scenario 1, the harmonic content cancels out. For energy use before retrofit and scenarios 2, 3 and 4 the harmonic content adds up and do not cancel out. Therefore the question: What should be recorded as the power measured during an M&V exercise where every watt counts? It is suggested that the IEEE 1459 fundamental active power be used in energy calculations when harmonics are present, by way of standardization.
Power Measurements and Energy Calculations for M&V reporting
Even more seriously is the power factor of the system. Power factor defined as the "ratio of the active power supplied to the load to the maximum output power supplied to the receiving end of the line for a constant line power loss and a constant load r.m.s. voltage and waveform" [9] .
The power factor is expressed as true "true power factor" when there is distortion in the system; ……………………… (6) are fundamental apparent power and nonfundamental apparent power. Emanuel showed that non fundamental active power consist of the harmonic power, the distortion power in the current and distortion power in the voltage. These quantities are represented as follows:
, , and
In the above expressions and are the fundamental apparent power, harmonic apparent power, current distortion power and voltage distortion power respectively. The sum of the harmonic apparent power, current distortion power and voltage distortion power is the non-active power . Using the expression for these power quantities and table 1 is determined for scenario 1 as follows:
Substitute for in the true power factor equation, Therefore it is concluded that: "for a single phase system having some form of harmonics, the power measured during a measurement and verification exercise should be the fundamental active power". From the energy equation above, it follows that the fundamental active power is the difference between the total active power and the harmonic active power.
…………………………….… (7)
The energy saving calculation for M&V purposes as shown in equation 1 should now be updated as follows: …………... (8) 
Conclusion
This paper discusses the methodology of reporting energy savings by Measurement & Verification teams and how improved accuracy in savings can be reported by using IEEE 1459. It presents an approach that can be incorporated into the IPMVP for improved and more accurate energy saving reporting. Inclusion of the effects of harmonics in energy savings calculation results in more accurate results; this was shown in table 3. This was not the case in the IPMVP [4] and, the contribution of harmonics in the system has been neglected. The work proposes that only fundamental active power is used for energy saving calculations as the higher order active power harmonics do not contribute towards energy savings. It was shown that the influence of harmonics in a system can lead to under/over reporting of energy savings.
The fundamental components of the energy consumption before and after a retrofit should therefore be used in energy saving calculations.
